Effects of transfer of mass and free convection on the flow field of an incompressible viscous fluid past an exponentially accelerated vertical plate with variable surface temperature and mass diffusion are studied. Results for velocity, concentration, temperature are obtained by solving governing equations using the Laplace transform technique. It is observed that the velocity increases with decreasing values of the chemical reaction parameter or radiation parameter. But the trend is just reversed with respect to the time parameter. The skin friction is also studied.
Introduction
The effect of a chemical reaction depends on whether the reaction is homogeneous or heterogeneous. This depends on whether the reaction occurs at an interface or as a single phase volume reaction. In well-mixed systems, if it takes place at an interface, the reaction is heterogeneous; and homogeneous if it takes place in solution. Chambre and Young (1958) analyzed a first order chemical reaction in the neighborhood of a horizontal plate. Das et al. (1994) studied the effect of a homogeneous first order chemical reaction on the flow past an impulsively started infinite vertical plate with uniform heat flux and mass transfer. Again, mass transfer effects on a moving isothermal vertical plate in the presence of a chemical reaction was studied by Das et al. (1996) .
Radiative heat and mass transfer play an important role in manufacturing industries for the design of fins, steel rolling, nuclear power plants, gas turbines and various propulsion devices for aircrafts, missiles, satellites and space vehicles. England and Emery (1969) studied the thermal radiation effects of a optically thin gray gas bounded by a stationary vertical plate. The radiation effect on mixed convection along a isothermal vertical plate was studied by Hossain and Takhar(1996) . Das et al. (1999) analyzed radiation effects on flow past an impulsively started infinite isothermal vertical plate. Gupta (1979) studied free convection on flow past a linearly accelerated vertical plate in the presence of viscous dissipative heat using the perturbation method. Kafousias and Raptis (1981) extended this problem to include mass transfer effects subjected to variable suction or injection. Free convection effects on flow past an exponentially accelerated vertical plate was studied by Singh and Naveen Kumar (1984) . The skin friction for accelerated vertical plate was studied analytically by Hossain and Shayo (1986) . Jha et al. (1991) analyzed mass transfer effects on an exponentially accelerated infinite vertical plate with a constant heat flux and uniform mass diffusion. The first order chemical reaction on an exponentially accelerated vertical plate with mass diffusion was studied by Muthucumaraswamy and Valliammal (2009) .
However, the study of thermal radiation effects on unsteady flow past an exponentially accelerated vertical plate in the presence of chemical reaction of first order with variable heat and mass diffusion has not been studied in the literature. It is proposed to study the chemical reaction effects on unsteady flow past an exponentially accelerated vertical plate with variable mass diffusion, in the presence of thermal radiation. Such a study is found useful in energy storage, food processing, freezing.
Mathematical analysis
The fluid is assumed to be in the direction of the x'-axis which is taken along the vertical plate in the upward direction. The y'-axis is taken to be normal to the plate. Initially, the temperature of the plate and the fluid is assumed to be the same. Initially, the temperature of the plate is T   and the concentration level in the fluid is assumed to be C   . At time t 0   , the plate temperature is raised to w T and the concentration level in the fluid is raised to w C . Inertia terms are negligible as we are considering an infinite vertical plate. There is a first order chemical reaction between the diffusing species and the fluid. Under usual Boussinesq's approximation, the unsteady free convective flow of an incompressible fluid in a dimensional form is given by 
The local radiant for the case of an optically thin gray gas is expressed by 
(2.6) By using Eqs (2.5) and (2.6), Eq.(2.2) reduces to
On introducing the following non-dimensional quantities , , ,
The initial and boundary conditions in a non-dimensional form are
 
for all , at exp at , as .
All the physical variables are defined in the nomenclature.
The solutions are obtained for the flow field in the presence of a first order chemical reaction and radiation. Equations (2.9) to (2.11), subject to the boundary conditions (2.12), are solved by the usual Laplace-transform technique and the expressions for temperature, velocity and concentration are as follows 
Skin friction
We now study skin-friction from velocity. It is given in a non-dimensional form as
From Eqs (2.15) and (3.1), we have 
Discussion of results

Analysis of temperature, concentration and velocity profiles
The numerical values of the velocity, temperature and concentration are computed for different physical parameters such as the thermal radiation parameter, chemical reaction parameter, Schmidt number, thermal Grashof number and mass Grashof number. The value of the Schmidt number Sc is taken to be 0.6 which corresponds to water-vapor. Also, the value of the Prandtl number Pr is 0.71 which corresponds to air. The purpose of the calculations given here is to assess the effects of the parameters a, R, K, Gr, Gc and Sc upon the nature of the flow and transport. Skin friction is also calculated for different values of a, R, K, Gr, Gc and Sc.
The temperature profiles for different values of the thermal radiation parameter R= 0.2, 2, 5, 10 in the presence of air at time t = 0.4 are shown in Fig.1 . The effect of the thermal radiation parameter is important in temperature profiles. It is observed that the temperature increases with decreasing radiation parameter. This shows there is a drop in the temperature due to higher thermal radiation. 
Conclusion
An exact analysis of thermal radiation effects on unsteady flow past an exponentially accelerated infinite vertical plate with variable mass diffusion, in the presence of a chemical reaction of first order has been studied. The dimensionless equations are solved using the Laplace transform technique. The effects of velocity, temperature and concentration for different parameters like a, R, K, Gr, Gc, Sc and t are studied. The following conclusions are drawn:
(1) The temperature increases with decreasing values of the thermal radiation parameter R and the trend is reversed with respect to time. 
